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Introduction
Over the past decades, evidence has accumulated that a chronic systemic inflammation of the vessel wall is a key driver of atherosclerosis and cardiovascular disease (CVD). 1, 2 This finding has supported the identification of clinically useful inflammatory biomarkers to improve CVD risk prediction. A prominent member of these glucose -independent risk indicators is C-reactive protein (CRP) as measured by a high-sensitivity (hs) assay. 3 C-reactive protein represents the classical acute-phase protein produced in the liver in response to an inflammation, and plasma levels of hs-CRP provide a sensitive marker of increased inflammatory activity in the arterial wall. 4 This biomarker has to date the best evidence among the other discussed markers to support its use as an independent predictor of increased CVD risk in diabetes patients and patients without diabetes. [5] [6] [7] In addition, numerous clinical trials have established elevated CRP levels to be predictive of the development of insulin resistance, the metabolic syndrome, and type 2 diabetes. [8] [9] [10] [11] [12] [13] [14] In daily practice, it is important to distinguish between standard and high sensitivity assays for the measurement of CRP. The traditional CRP assay, using a polyclonal antibody, assists in the diagnosis and assessment of acute inflammation, i.e., associated with infections and neoplastic diseases. A more sensitive CRP test, the hs-CRP assay, allows for detection and linear quantification of CRP levels down to and below 3 mg/liter. These lower levels toward the upper end of normal (10 mg/liter) reflect lowgrade inflammation and have predictive value of future risk for CVD events.
14 Measurement of hs-CRP should be done twice, optimally two weeks apart, to provide a more stable estimate of the level of this biomarker. The relative cardiovascular risk categories for average hs-CRP levels are low risk (<1 mg/dl), average/moderate risk (1.0-3.0 mg/liter), high risk (3.0-10 mg/liter), and unspecific elevation (>10 mg/liter); these should be reevaluated for acute inflammatory conditions. 15 The possibility to assess individual cardiovascular risk has increased the desire for fast and reliable methods to determine hs-CRP directly in clinical practice. Here, we report on the results of a laboratory evaluation of a new point-of-care (POC) rapid test developed to allow for visual reading and semi-quantitative determination of hs-CRP levels in accordance with the previously mentioned guideline classifications. In a previous investigation for regulatory approval in Europe (CE-mark), 44 out of 49 tests (90%) gave a correct result compared with a reference method. All samples (13/13) with low risk were correct (100%), 2 samples out of 15 with a moderate risk were analyzed as low risk (87% correct results), and 3 samples out of 18 with high risk were determined as unspecifically elevated (83% correct results). The current study evaluated the test performance under daily routine conditions.
Materials and Methods
The samples used for this analysis were derived from clinical studies in diabetic and nondiabetic patients previously performed at the Institute for Clinical Research and Development, Mainz, Germany. The participants in these trials had authorized the further use of their blood samples for laboratory research in their written informed consent.
High-sensitivity CRP was initially assessed by means of a turbimetric method (Olympus, Hamburg, Germany). The semi-quantitative POC hs-CRP rapid test was kindly provided by IR2Dx Inc., Moraga, CA (in Europe, MetaScreen ® , TecoMedical AG, Sissach, Switzerland). This hs-CRP test is already approved and CE marked in Europe. It uses a cassette format (Figure 1 ) and consists of a system of overlapping membranes containing the dried components needed for the test performance. These membranes are assembled to small strips that are placed into a plastic housing for better handling. The patient's material (5 µl of serum or 10 µl of capillary whole blood) is loaded to the "sample application pad." Thereafter, two drops of a reagent buffer are added. In the case of whole blood/capillary blood samples, a separation of blood cells and plasma takes place. The liquid fraction of the patients sample diffuses through the so-called "conjugate release pad" containing labeled detection antibodies for CRP. The conjugate molecules are specifically directed against CRP. The conjugate is redissolved, and CRP is specifically bound by the gold conjugate.
The CRP-gold conjugate complex further diffuses through the "analytical membrane." On this membrane, two lines are arranged one after the other: (i) the "test line" containing hs-CRP-specific molecules responsible for immobilizing the CRP-gold conjugate complexes and (ii) the "control line" fixing nonbound gold conjugate particles indicating that conjugate has flown over the "test line." The color intensity of the test line is directly proportional to the CRP concentration in the patient's sample enabling (semi-)quantitative interpretation of the test result. If CRP is concentrated above the upper threshold limit (10 mg/liter), the "test line" and the "control line" are clearly visible; if CRP is below 10 mg/liter, different color intensities of the "test line" help to determine the patient's risk group (Figure 2) . A reference card indicating the color intensities of the different thresholds is provided with each individual test to support the visual analysis and to enable documentation of the test results for filing into the patient files. The characteristics of this test are provided in Table 1 . For this evaluation, 5 µl of serum sample was used, and the test was interpreted after 10 minutes. Three investigators analyzed the test independently and were blinded to the reference results and to the evaluation of the other investigators.
For the statistical analysis, the results of the individual investigators were compared with the laboratory reference results and the percentage of agreement was determined for all different risk groups. Sensitivity for moderateto-high CVD risk determination was calculated as the correctly identified samples ranging between 1 and 10 mg/liter. Specificity was determined as the amount of wrong positive samples (i.e., readings between 1 and 10 mg/liter) in samples with values below 1 mg/liter (low risk) or >10 mg/liter (unspecific elevation).
Results
From the selected samples, 17 were in the low-risk group, 19 were in the moderate-risk group, and 26 were in the high-risk group. Four samples had hs-CRP levels >10 mg/liter, indicating unspecific inflammation. All In general, all three investigators had a high agreement between their reading and the result from the laboratory analysis. One investigator classified 2/66 samples to be in a higher risk group than indicated by the reference measurement (one in the low-risk group and one in the moderate-risk group, i.e., 97% agreement). The two other investigators classified four samples into a higher risk group (in both cases, three from the low-risk group and one from the moderate-risk group, i.e., 94% agreement) (see Table 2 ). The results of the laboratory reference values and the readings by the better investigator are provided in Figure 2 .
When combining moderate-and high-risk group samples (n = 45), all three investigators classified all samples to be in either of the groups achieving a sensitivity for elevated risk assessment of 100%. All samples with unspecifically elevated hs-CRP were correctly classified by all investigators. One investigator wrongly classified one of the samples <1 mg/liter to be in the moderaterisk groups (three samples by the other investigators) achieving a specificity of 95% (90%, respectively).
Discussion
Research of the past decades revealed that low-grade inflammation is significantly linked to insulin resistance, type 2 diabetes, and increased risk of CVD. Elevated levels of hs-CRP emerged as a reliable biomarker for the subclinical inflammatory state. Current evidence supports the usefulness of hs-CRP measurement for vascular risk and treatment efficacy assessment in insulin-resistant diabetes patients and nondiabetic individuals. 7, 11, 12, 14 A stratification into four risk groups has been identified and is recommended in current clinical guidelines. 15 In this investigation, we evaluated the performance of a fast and convenient POC rapid test with visual reading and suitable for risk screening in daily practice. We demonstrated that the test has an excellent sensitivity, a very high specificity, and a very low variability of the test interpretation when read out by different investigators. With this performance, the test can be recommended for routine screening in daily practice. A positive test should lead to laboratory reference confirmation and further exploration of the individual cardiovascular risk of the patient.
Clinical trials (Action to Control Cardiovascular Risk in Diabetes; Action in Diabetes and Vascular Disease: Preterax and Diamicron MR Controlled Evaluation; and Veterans Affairs Diabetes Trial) have demonstrated that improved glycemic control with reduction of hemoglobin A1c levels into the target range has no significant influence on cardiovascular mortality. [16] [17] [18] At the same time, prospective interventional studies have shown that drugs that reduce chronic systemic vascular inflammation, such as aterovastatin or pioglitazone, may lead to improved macrovascular outcome, indicating the crucial role of this inflammation for the atherosclerotic process and outcome. [19] [20] [21] [22] [23] Both drugs reduced not only hs-CRP levels, but also intima-media thickness, another well-established clinical surrogate marker for macrovascular disease. This was not the case with other more commonly prescribed drugs for treatment of metabolic syndrome such as metformin or sulfonylurea drugs. [24] [25] [26] [27] These findings indicate that a more individualized approach to diabetes therapy may provide a better way to improve the macrovascular prognosis and outcome for a given patient. Characterization of the individual risk situation of patients by means of hs-CRP and other biomarkers (e.g., adiponectin to assess the activity of the visceral adipose tissue and the related insulin resistance 28 or intact proinsulin to determine the degree of β-cell dysfunction 29 ) may allow for selection and monitoring of more individually tailored therapies. However, future research is required to elucidate the impact of such an approach on final patient outcome. Follow-up data will demonstrate how the test results evolve over time for any given patient. In any case, the different biomarker tests must become accessible to physicians and patients to be used in daily routine, and the POC format tested in this trial, with its short testing time of 10 minutes, may provide an attractive option to address this need.
In conclusion, the new lateral-flow-based POC rapid test for semi-quantitative determination of hs-CRP from IR2Dx/TecoMedical is a reliable screening method and may serve as a practical tool for rapid identification of diabetic patients and nodiabetic patients with elevated chronic systemic inflammation and higher risk of macrovascular disease.
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